A novel gliding bacterial strain, GB 56.1 T , was obtained from soil at the Sakaerat Biosphere Reserve, in Nakhon Ratchasima province, Thailand; the strain was characterized using a polyphasic approach. Cells were Gram-stain-negative, yellow, rod shaped and devoid of flagella, but showed gliding motility. Phylogenetic analysis based on 16S rRNA gene sequences found that GB 56.1
In 1996, Bernardet et al. (1996) emended the description of the genus Flavobacterium (Bergey et al., 1923) by including Gram-staining-negative, aerobic, gliding, yellow-pigmented bacteria with DNA G+C contents between 32 and 37 mol% and menaquinone 6 (MK-6) as the major respiratory quinone. Flavobacterium is a genus of the family Flavobacteriaceae in the phylum Bacteroidetes. More than 140 species of the genus Flavobacterium have been listed on the List of Prokaryotic Names with Standing in Nomenclature (LPSN; http://www.bacterio.net/flavobacterium.html) at the time of writing this manuscript. The isolation source of members of the genus Flavobacterium is very diverse; animals such as beaked whales (Vela et al., 2007) or salmonid fish (K€ ampfer et al., 2012; Zamora et al., 2013) , marine algae (Miyashita et al. 2010) , reeds (Liu et al., 2011) , fresh or marine water Song et al., 2013) , waste site (Tian, et al., 2011) or soil (Weon et al., 2007; Liu et al., 2008) . In this study, we describe a bacterial strain, GB 56.1
T , that was isolated from soil of the Sakaerat Biosphere Reserve, Nakhon Ratchasima, Thailand. On the basis of polyphasic analysis, we propose that GB 56.1 T represents a novel species of the genus Flavobacterium.
Soil samples were collected from the Sakaerat Biosphere Reserve in the north-eastern part of Thailand. The tap water medium used for isolation was made from tap water with 1.5 % agar (Difco). The isolation medium was inoculated by putting soil sample in the center of the plate; the sample was then incubated at 30 C for 4-5 days and the colony development was investigated by microscopy. Strain GB 56.1 T was purified using the micromanipulation technique (Skerman, 1968 ). The purified strain was then cultured and maintained at 30 C on CYEA medium (Casitone 1.5 %, yeast extract 0.3 %, MgSO 4 0.1 % and agar 1.5 %).
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of GB 56.1 T is KT223144.
Three supplementary figures are available with the online Supplementary Material.
The general morphological characteristics of GB 56.1 T were investigated by microscopy (Olympus) and transmission electron microscopy (CM 20, Philips); these procedures were performed by observing cells grown for 2 days at 30 C on LB medium. The cells, negatively stained with 1 % (w/v) phosphotungstic acid, and grids were examined after being air-dried, at which point they were examined by transmission electron microscopy (CM 20, Philips). Strain GB 56.1 T was Gram-staining-negative, aerobic, nonspore-forming and motile by gliding. The strain formed yellow colonies and the cells had dimensions of 0.3-0.8 by 1-3 µm (Figs. S1 and S2, available in the online Supplementry Material).
The phenotypic features were tested as follows: the optimal temperature for growth was investigated at 4, 10, 20, 25, 30, 37, 45 and 50 C on LB agar. Growth was examined on trypticase soy agar (TSA, BD), Luria Bertani agar (LB), yeast extract malt extract agar (ISP Medium 2, BD), tryptone yeast extract agar (per liter distilled water: 3 g tryptone, 5 g yeast extract, 5 g glucose, 15 g agar; pH 7.0), nutrient agar and CYEA. Salt tolerance was examined using LB broth containing 0, 1, 2, 3, 4 and 5 % NaCl; LB broth was adjusted to pH 5.0-11.0 (using increments of 0.5 pH unit) to determine the optimal pH for growth (Zhou et al., 2007) . Catalase activity was tested by production of oxygen bubbles when 5 % (v/v) H 2 O 2 was added to fresh cells. Oxidase activity was determined using 1 % (w/v) tetramethyl-pphenylenediamine.
Antibiotic sensitivity analyses were performed via the diffusion method on LB agar at 30 C with 8 mm diameter paper discs (Liofilchem); these sensitivity tests included antibiotics such as ampicillin, gentamicin, penicillin G, kanamycin, neomycin, streptomycin, tetracycline, vancomycin, erythromycin, chloramphenicol, nalidixic acid, 
Flavobacterium tilapiae Ruye-71 T (HQ111525) carbenicillin, novobiocin and lycomycin. After incubation, sensitivity was evaluated by measuring the diameter of the inhibition zones. Biochemical characteristics and enzymic activities were examined using API 20E, API 20NE, API 50CH, ID32GN and API ZYM kits (bioM erieux) and a GN2 Microplate (Biolog).
The 16S rRNA gene of strain GB 56.1 T was amplified with universal bacterial primers as follows: 27F (5¢-AGAGTTT-GATCCTGGCTCAG-3¢) and 1492R (5¢-TACGGCTACCT-TGTTACGACTT-3¢). Four primers, including the two additional internal primers 785F (5¢-GGATTAGATA-CCCTGGTA-3¢) and 518R (5¢-GTATTACCGCGGCTGC-TGG-3¢), were used to sequence nearly the full length of the 16S rRNA gene. The sequence was analysed using the EzTaxon database (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) to find its taxonomic position and to retrieve the 16S rRNA gene sequences of related taxa. The 16S rRNA gene sequence analysis revealed that strain GB 56.1 T belonged to genus Flavobacterium, with the highest sequence similarities of 98.4, 98.3 and 97.9 % to F.lavobacterium nitrogenifigens NXU-44 T , F.lavobacterium anhuiense D3 T and F.lavobacterium ginsenosidimutans THG 01 T respectively. The similarities to all other species of the genus Flavobacterium were below 97.4 %.
To reconstruct a phylogenetic tree based on 16S rRNA sequences, identification of phylogenetic neighbours was initially carried out using the BLASTN (Altschul et al., 1997) program; data obtained were compared against the database containing type strains with validly published prokaryotic names implemented in the EzTaxon server (Kim et al., 2012) . The 16S rRNA sequences retrieved for the top 30 related species were edited with BioEdit (Hall, 1999) . A phylogenetic tree was reconstructed using MEGA version 6 (Tamura et al., 2013) according to the maximum-likelihood method (Felsenstein, 1981) . The Kimura 2-parameter model was used as a substitution model with the assumption of gamma distribution with invariant sites. The topology of the phylogenetic tree was evaluated by performing a bootstrap analysis with 1000 bootstrapped trials. F. anhuiense KCTC 22128 T , F. phragmitis KCTC 23900 T (Liu et al., 2011) T and F. daemonensis KCTC 42838 T were selected as reference strains based on the phylogenetic tree and the 16S rRNA gene similarity values (Fig. 1) .
The G+C content of the genomic DNA of GB 56.1 T , determined using the thermal denaturation technique (Mostafa et al., 1989) , was 34.2 mol%, whereas F. anhuiense KCTC 22128 T and F. phragmitis KCTC 23900 T have values of 31.4 and 34.8 mol%, respectively (Table 1) . DNA-DNA hybridization was investigated fluorometrically using photobiotinlabelled DNA of strain GB 56.1 T as a probe in microwells, as described by Ezaki et al. (1989) . These strains were grown for 2 days at 30 C on TSA medium. Cells were harvested, saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI, 2001) . Fatty acid profiles were determined using the MIDI/Hewlett Packard Microbial Identification System with gas chromatography (6890N and 7683 autosampler, Agilent Technologies) according to the manufacturer's instructions (Sasser, 2001 ). The major cellular fatty acids of strain GB 56.1 T were iso-C 15:0 (22.8 %), *Summed features present groups of fatty acids that could not be separated by GLC using the MIDI system. Summed feature 1 contains iso-C 15:1 H or C 13:0 3-OH; summed feature 2 contains C 14:0 3-OH or iso-C 16:1 I; summed feature 3 contains C 16:1 !7c or C 16:1 !6c; summed feature 4 contains iso-C 17:1 I or anteiso-C 17:1 B; summed feature 8 contains C 18:1 !7c or C 18:1 !6c; summed feature 9 contains iso-C 17:1 !9c or C 16:0 10-methyl.
summed feature 3 composed of C 16:1 !6c or C 16:1 !7c (20.6 %), C 16:0 (17.0 %) and C 16:0 3-OH (8.1 %). Although the profiles were similar to those of the reference strains, the content of fatty acids differed quantitatively (Table 2) .
Culturing in LB broth was performed for 2 days at 30 C to obtain cell mass for isoprenoid quinone analysis. The isoprenoid quinone was extracted according to the method of Komagata & Suzuki (1988) from 100 mg freeze-dried cells using chloroform/methanol (2:1, v/v). The crude quinone compound was purified using a preparative TLC (20 mm Â 20 mm, silica gel 60 F254 plate, Merck) using petroleum benzene/diethyl ether (9:1, v/v); quinone profile was determined using reverse-phase HPLC with a mixture of methanol and isopropyl ether (3:1, v/v) as the mobile phase at a flow rate of 0.7 ml min
À1
. Quinone was detected using a UV detector at 270 nm. The major respiratory quinone of strain GB 56.1
T was menaquinone-6 (MK-6).
Polar lipids were extracted from 100 mg freeze dried cells of strain GB 56.1 T and three reference strains cultured in nutrient broth and analysed using a two-dimensional TLC silica gel 60 F254 plate (Merck) as described by Komagata & Suzuki (1988) . The polar lipids of GB 56.1 T were phosphatidylethanolamine (PE), phosphatidylserine (PS), an amino lipid and unidentified polar lipids (Fig. S3) . The presence of PE was common to strain GB 56.1 T , F. nitrogenifigens LMG 28694 T , F. anhuiense KCTC 22128 T and F. ginsenosidimutans KACC 14525
T , but PS was not found from F. anhuiense KCTC 22128
T . There were also differences in composition of unknown amino lipids and polar lipids (Fig. S3) . The phenotypic features of GB 56.1 T are presented in Table 1 .
Gliding motility, yellow pigmentation, G+C content of genomic DNA and presence of MK-6 supported the classification of strain GB 56.1 T as a representative of the genus Flavobacterium, but many other molecular and physiological characteristics distinguished strain GB 56.1 T from closely related species in the genus Flavobacterium. Therefore, we propose the name Flavobacterium tistrianum for the novel species to accommodate this strain.
Description of Flavobacterium tistrianum sp. nov. The type strain is GB 56.1 T (=TISTR 1612 T =KCTC 42679 T ). The DNA G+C content of the type strain is 34.2 mol%.
